Results
The ovule is anatropous and bitegmic, and the micropyle is formed by both integuments.
Both integuments are composed of 3 to 5 layers of cells. The outer tangential wall of the outer epidermis cells is markedly thickened and the cuticle is relatively conspicuous.
Considering the anatomical characteristics of the testa and the tegmen, as well as the ultrastructure of the mature seed surface, 3 different types of seeds were identified. (Figures 1-5) 
Type I (O. articulata, O. lasiopetala, O. floribunda)

Testa (outer integument)
The testa develops from localized cell divisions in the subepidermal layer of the outer integument after the ovule is fertilized. Therefore, this integument has a varying thickness in different areas in terms of number of cell layers. These divisions cause the future rumination of the mature seed (Figure 1 ).
In the mature seed, the cuticle of the outer epidermis of the testa (exotesta) presents a significant thickness compared to previous stages. Cells of the epidermis and subepidermal parenchymatic layers (mesotesta) have thin walls and are highly vacuolated. The cells of the inner epidermis of the testa (endotesta) have convex tangential walls toward the parenchymatic tissue of the mesotesta. A pectic homogeneous substance is observed within the endotesta cells, occupying 50% or more of its volume. Some of these cells have cubic crystals of calcium oxalate within the pectic matrix (Figure 1 ).
Tegmen (inner integument)
The cells of the outer epidermis of tegmen (exotegmen) develop lignified secondary walls and present a reduced lumen. These cells are elongated with more or less sharp ends in longitudinal sections of the seed. In cross-section, they are elliptic or isodiametric (Figure 1 ). The remaining layers of the inner integument of the ovule degenerate and only remains of them can be observed.
Outer surface
The seed is ovate and uniformly brown, and its surface is smooth. The outer layers of the seed coat are separated violently upon the seed's maturation. The removed layers are: exotesta, mesotesta, and the outer tangential wall of the endotesta cells (Figure 2 ). After separation of these layers of the seed coat, the seed presents crests and depressions with a new surface formed by endotesta cells lacking the outer tangential cell wall and containing a pectic matrix. This pectic deposit is observed with SEM in O. articulata ( Figure  3) and O. floribunda (Figure 4 ) as a solid central matrix with trabeculae that join the central matrix with the radial walls of the cell. In O. articulata and O. lasiopetala the central matrix is not completely solid, and it has microspicules on its surface (Figures 3 and 5) .
Some areas of the seed coat depressions have cells lacking the compact pectic deposit. These cells possess crystals of calcium oxalate only in O. lasiopetala ( Figure 5 
Testa
The testa develops from localized cell divisions in the subepidermal layer of the outer integument after the ovule is fertilized. These localized subepidermal cells increase their volume while the others remain thin in transection. This causes different thicknesses in the testa and hence the future rumination of the mature seed. In cross-section, in areas of reduced thickness of the coat, the endosperm of the seed is introduced substantially (Figure 6 ).
In the mature seed, the cuticle of the exotesta is remarkably thicker compared to previous stages ( Figure  6 ). Cells of the mesotesta and endotesta have thin walls and are highly vacuolated.
The cells of endotesta have straight inner tangential walls toward the subepidermal tissue, unlike the type previously described. Within each of these cells, a cubic crystal of calcium oxalate can be observed, which occupies much of its volume ( Figure 6 ).
Tegmen
The cells of the exotegmen develop lignified secondary walls, and the lumen is not reduced as in Type I ( Figure  6 ). These cells are elongated with more or less sharp ends in longitudinal sections of the seed. In cross-section, they are elliptic. The remaining layers of the inner integument of the ovule degenerate and only remains of them can be observed.
Outer surface
The layers that are separated violently upon the seed's maturity are the same as in Type I: exotesta, mesotesta, and the outer tangential wall of the endotesta. After separation of these layers, the seed has a new surface formed by endotesta cells lacking the outer tangential cell wall and containing a cubic crystal (Figures 7-9 ). The inner surface of these cells is smooth in some of them and microspiculate in others (Figure 8 ). Some areas of the seed coat have cells lacking crystals. Peripheral cells to these areas have small crystals. The size of the crystals increases gradually in more distant cells to these areas (Figures 7 and 8 ). (Figures 10 and  11) 
Type III (O. hispidula, O. perdicaria)
Testa
The testa develops from localized cell divisions in the subepidermal layer of the outer integument after the ovule is fertilized. Therefore, this integument has a varying thickness in different areas in terms of number of cell layers, causing the future rumination of the mature seed.
The cuticle of the outer epidermis of the testa is rather thick. Cells of the epidermis and subepidermal parenchymatic layers have thin walls and are highly vacuolated.
In the mature seed, the cells of the endotesta have straight inner tangential walls towards the mesotesta. A pectic deposit occupies 50% or more of the cellular volume of these endotesta cells. This deposit is more or less loose and irregular. None of these cells have calcium oxalate crystals (Figure 10 ).
Tegmen
The cells of the exotegmen develop lignified secondary walls (Figure 10 ). These cells are elongated with more or less sharp ends visible in longitudinal sections of the seed. In cross-section, they show approximately circular contours (Figure 10 ). The remaining layers of the inner integument of the ovule degenerate and only remains of them can be observed.
Outer surface
The same layers as in the previous types are separated violently upon maturation of the seed. After separation of these layers of the seed coat, the new surface of the seed is formed by cells lacking the outer tangential cell wall and containing a granular pectic deposit (Figure 11 ).
Discussion
Seeds of the 10 species of Oxalis studied in this work were grouped into 3 distinct types. These types were established according to the following characters: the presence or absence of calcium oxalate crystals in the endotesta, pectic deposit morphology of endotesta cells, and characters of the exotegmen fibers. The 3 seed types coincide with the sectional classification of the genus proposed by Lourteig (2000) (Table) . Bahadur et al. (1983) studied the seed morphology of 5 species of Oxalis; 2 of them belonged to the section Corniculatae, while the others belonged to other sections that were not studied in this work. The species of the section Corniculatae studied by these authors have a seed morphology matching the characteristics of the Type II seeds described in this study. The aforementioned publication and our own results present preliminary data of Oxalis seed coat morphology. More species from different sections must be studied to consider the taxonomic value of the characteristics of the seed coat.
All seeds of Oxalis are ruminate. This rumination is caused by localized cell divisions in the subepidermal layers of the outer integument after fertilization, generating the localized intrusion of the seminal cover towards the endosperm. According to the classification of types of rumination given by Periasamy (1962) , the Oxalis seed corresponds to the Annona type and not to the Passiflora type as previously described by Werker (1997) . In the Passiflora type, the rumination is a consequence of the radial extension of a few cells of the ovule integuments.
The seeds of Oxalis are exotegmic. This means that the outer epidermis cells of the tegmen develop mechanical characters. These cells correspond to the fibrous type according to Boesewinkel and Bouman (1984) , with cells elongated in the direction of the longitudinal axis of the seed.
The endotesta cells have cubic crystals of calcium oxalate in all species except those belonging to Type III, O. hispidula and O. perdicaria. This is the first report on the absence of calcium oxalate crystals in seeds of species of the family Oxalidaceae. The presence of crystals in the seed coat is fairly common (Werker, 1997) . In the genus Oxalis, these crystals are located in the endotesta. However, it appears that the more common location is in the exotesta or the mesotesta (Werker, 1997) . According to Bouman (1974 , in Werker, 1997 ) the role of the crystals is related to the separation into 2 layers of the seed coat at the time of seed dispersal. This separation occurs at the endotesta by the rupture of the outer tangential wall of their crystalliferous cells. However, several species have no crystals in some of these cells, and, further, the endotesta cells lack crystals in all species belonging to Type III. Moreover, in some species, like O. floribunda, the crystals are smaller and do not occupy the entire cell lumen. In all these cases, a dense pectic deposit occupies most of the cell volume. This substance could replace the crystals in their mechanical role. The rigid pectates in the dry seed could act as the crystals allowing the separation into 2 layers of the seed coat by rupture of the outer tangential wall of the endotesta cells.
The seeds are dispersed by autochory. Oxalis is one of the few genera of angiosperms in which this mechanism involves only the seed. Upon the seed's maturation, the parenchyma cells of the testa markedly increase their volume, generating a tension that cannot be compensated by a thick and elastic cuticular membrane. Excessive stretching of the latter, which finally returns to its original state, results in the violent rupture and separation of the outer layers of the testa. This very special mechanism for seed dispersal of Oxalis was newly described by Schoenberg (1985) as spermobolia. In the present paper, the anatomical details for understanding this mechanism of dispersion were described for 10 species of the genus. Their spermobolia was considered a unique case, as is so far known, in which the seed is deprived of a part of its cover in order to disperse the remaining seminal unit containing the embryo.
